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Abstract
The QSO 3C 48 and its host galaxy constitute a nearby template object of the pro-
posed merger-driven evolutionary sequence from ULIRGs to QSOs. In this contribu-
tion multi-wavelength observations and N-body simulations studying the structural
and compositional properties of this late-stage major merger will be presented. Key
questions addressed will be the nature of the apparent second nucleus 3C 48A and
absence of a counter tidal tail. The results will be used to review the role of 3C 48
in the ULIRG-QSO evolutionary scenario.
Key words: quasars: individual (3C 48), galaxies: interactions, galaxies:
fundamental parameters (classification, colors, luminosities, masses, radii, etc.)
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1 Overview
Revealing the physical properties of quasi-stellar objects (QSOs) and their
host galaxies is one key to understand how the overall galaxy structure affects
the extreme activity in active galactic nuclei (AGN) and how in turn the QSO
and its black hole influence the surrounding galaxy structure. Galaxy interac-
tion is regarded to be one of the processes that can lead to the (re-)activation
of QSOs. A prime example of this phenomenon is the radio source 3C 48,
one of the first quasars to be optically identified (Matthews et al., 1963). Its
unusually large and bright host galaxy comprises a young stellar population
(Kristian, 1973; Boroson & Oke, 1982, 1984). Host galaxy properties like the
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existence of a second bright compact component, 3C 48A, about 1′′ north-
east of the QSO (Stockton & Ridgway, 1991; Zuther et al., 2004), the tail-
like extension to the northeast (Canalizo & Stockton, 2000), and the richness
of 3C 48 in molecular gas (Scoville et al., 1993; Wink, Guilloteau, & Wilson,
1997) have been used as arguments that the activity in 3C 48 is triggered by
a recent major merger. In this contribution we will briefly address the fol-
lowing questions, that are important in order to get a more comprehensive
understanding of the relevant physical feedback in this object:
• Is 3C 48A the nucleus of the companion?
• Where is the counter tidal tail, commonly observed in major mergers?
• How does 3C 48 fit into the merger driven ULIRG-QSO evolutionary se-
quence?
2 The second nucleus: molecular and continuum emission
Our near-infrared (NIR) imaging and spectroscopy result in a first detection
of 3C 48A in J , H , and Ks (Zuther et al., 2004). Its reddening in the H−Ks
direction indicates the presence of warm dust, either heated by star formation,
the active nucleus, or both. Recent mm-continuum and CO(1-0) observations
with the Plateau de Bure interferometer (PdBI), in combination with exist-
ing PdBI data (Wink, Guilloteau, & Wilson, 1997), back up the idea of the
existence of a second nucleus 3C 48A (Krips et al., 2005, see Fig. 1). We find
indications for two distinct gas reservoirs. One is located at the position of the
QSO. But most of the molecular emission accounts for the second reservoir
located around 3C 48A. The total molecular gas mass is of the order of 1010
M⊙, which is typical for advanced merger ULIRGs, because they generally
contain the gas of the two gas-rich precursor galaxies.
3 The missing counter tidal tail and the gas distribution
Using multi-particle simulations of the 3C 48 merger (Scharwa¨chter et al.,
2004) we can offer an explanation to the apparently missing counter tidal
tail. This might be due to a projection effect of the complex morphology
forming during the merger of tilted disk galaxies. In the model the second
tail is located in front of the host galaxy (see Fig. 2 in Scharwa¨chter et al.,
2004). It is therefore blended with the bright underlying host and nucleus.
The distribution of the gas component resulting from a smoothed particle
hydrodynamics simulation (SPH) shows close resemblance with the observed
CO(1-0) distribution (Fig. 2). It displays a high central gas concentration
which contains about 50% of all used gas particles. Gas lanes are also aligned
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Fig. 1. Left panel: Millimeter continuum image overlaid with a MERLIN 1.6 GHz
map (black contours; Feng et al., 2005). The morphology of the mm continuum can
be fitted with three Gaussian components: (i) the QSO nucleus, (ii) the radio jet, and
(iii) 3C 48A. Right panel: optical image (black contours; Stockton & Ridgway, 1991)
overlaid with our CO(1-0) measurement (thicker, lighter contours). The spectrum
reveals that the CO(1-0) line decomposes into two line systems. The central line,
which also contains the main part of the flux, corresponds to 3C 48A. The second
gas reservoir (red- and blue-shifted lines) is concentrated around the QSO nucleus.
The velocity gradients seen in both systems are almost perpendicular to each other,
indicating the presence of two rotating disks of molecular gas.
with the north-southwestern extension of the molecular emission. The mere
presence of gas inflows in the model suggests a considerable star formation
activity which is indeed found in the 3C 48 host by Canalizo & Stockton
(2000).
4 3C 48 in context
In the ULIRG-QSO evolutionary scenario proposed by Sanders et al. (1988)
the gravitational interaction of galaxies can trigger the formation of ULIRGs,
which can evolve in an advanced merger stage into a QSO, as they turn on
the nuclear activity of the super-massive black holes at their centers. 3C 48
queues in the growing list of powerful AGN in which molecular gas is detected
in the two components imagined to constitute the merger. The morphology of
the merger remnant is complex and depends strongly on the viewing angle. In
this context, we can show that the missing counter tidal tail possibly lies in
front of the galaxy. These new findings support the rank of 3C 48 in the above
evolutionary scheme as a QSO at a late major-merger stage, but still emitting
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Fig. 2. Overlay of the integrated CO(1-0) intensity measured for 3C 48 (contours;
Krips et al., 2005) on the gas density distribution by 3C 48 model (grey-scale image;
Scharwa¨chter, 2005).
most of its luminosity in the FIR which on the other hand is characteristic for
ULIRGs.
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